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FOREWORD

This volume is part of the Final Report of the General Purpose Aft Cargo Carrier study extension
performed under National Aeronautics and Space Administration (NASA) Contract NAS8-35564,
Modification Number 2. The report was prepared by the Michoud Division of Martin Marietta Denver
Aerospace, New Orleans, Louisiana, for the NASA/Marshall Space Flight Center (MSFC).

The Contracting Officer Representative at MSFC was James E. Hughes. The Martin Marietta Study

Manager was Thomas B. Mobley.

The Final Report is prepared in three volumes:
Volume I - Technical
Volume 1II — DACC Program Cost and Work Breakdown Structure/Dictionary
Volume III - GPACC Program Cost and Work Breakdown Structure/Dictionary
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ACC RELATED STUDY CONTRACTORS

Since 1981, the ACC has been studied by the Michoud Division of Martin Marietta
Denver ferospace under NASA and USAF Space Division contracts. Total contract
values exceed $2.25M.
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ACC RELATED STUDY CONTRACTS

Other aerospace companies have studied the ACC under contract to NASA. These

studies addressed the integration and interface definition of the ACC with the STS
and potential ACC payloads.
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ACC RELATED STUDY CONTRACTS HISTORY

The ACC contracts focused on the following studies: concept feasibility,
preliminary design, ACC operations, STS impacts, payload accommodation, payload
integration and STS/ACC integration. Each contract used data from previous efforts
and provided data to support ongoing and future studies.

The results provide detailed data on all phases of an ACC program from ACC
development through STS/ACC missionh operations.
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GENERAL PURPOSE ACC STUDY OBJECTIVES

The tasks for the initial GPACC study contract (August 1983 +to April 1984)
included: requirements definition, preliminary GPACC design, ACC payload
definition and interface, preliminary STS/ACC integration, and ACC program plan and
costs.

The contract extension (April 1984 to May 1985) studied the OTVU DACC concept.
Tasks included: preliminary DACC design, DACC/OTY interface, and a DACC
implementation plan and costs. An additional task directed the coordination of
Martin Marietta with other ACC-related study contractors to address STS/ACC
integration and ACC/0OTV interfaces and operations.
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REQUIREMENTS FLOW LOGIC

The STS requirements documents were reviewed to determine their applicability to
the ACC. Then the ACC requirements were developed to assure that all the
appropriate STS requirements were met.

These requirements were used to drive the preliminary ACC design and STS/ACC
operations. During the design and operational analyses, requirements emerged for
ACC manufacture, launch facilities, STS elements, testing and STS/ACC missions.
These requirements were evaluated for their cost and impact. Recommendations for
ACC design and operational changes were incorporated.
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ACC PRELIMINARY REFERENCE MISSIONS

The general purpose mission is a payload delivery/sortie mission launched due east
into a 160 nm circular orbit. The purposes of this mission are the placement of
payloads in orbit from both the GPACC and the orbiter bay, and sortie return from
orbit. Mission duration is 7 days.

The dedicated mission is a payload delivery mission launched due east into a 120 nm
circular orbit. The purpose of this mission is to place a payload(s) in orbit for
mating with an OTV. The OTV is suborbitally released from the DACC 400 sec after
MECO. Mission duration is 3 days.
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FULL-SCALE ACC OVERPRESSURE SCALING FROM MODEL RESULTS

A 6.4% scale model of the STS/ACC launch configuration was tested to determine the ‘ 7
external overpressure to which the ACC should be designed. The test results were
adjusted to full-scale values (as shown on the opposite page).

The recommended ACC design overpressure is 0.6 psi.
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EXTERNAL TANK LOADS AND DIRECTIONS

The ET I/F Loads are defined at the specific locations shown on the opposite page.
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ACC EFFECT ON STS LIFT-OFF LOADS

The effect of an ACC on the STS 1lift-off loads was analyzed. The table on the
opposite page presents the max/min STS (RI) load envelope compared to the max/min
STS/ACC (MMA) lift-off loads.

Also presented for comparison of ACC effect are the nominal STS and STS/ACC
lift-off 1loads. Although the STS/ACC lift-off loads exceed the STS-only lift-off
loads at some locations, the max/min STS/ACC lift-off loads remain in the allowable

STS loads envelope.
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ACC EFFECT ON STS AERODYNAMICS

The performance parameter drag coefficient is shown. A slight increase results as
the ACC increases the total STS wetted area.

The force and moment coefficients reflect small impacts. Stability and control
margins are not appreciably affected.

The result of adding an ACC to the ET is to produce an additional negative pitching
moment . The control system must compensate by producing additional positive
pitching moments using a mixture of control effectors, e.g., SRB gimbal deflection,
orbiter SSME gimbal deflection, elevon deflection.

The required pitching moment could be generated by: deflecting the SRBs,

approximately 1° in both rock and tilt; deflecting all the SSMEs, approximately

2% in pitch; or a combination of the above.

The end result is that the pitch control authority margin is slightly reduced since

part of the margin must be used to compensate the additional negative pitching
moment .
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ACC EXTERNAL ACOUSTIC SOUND PRESSURE LEVEL

A 6.4% scale model of the STS/ACC launch configuration was tested to determine the
ACC external acoustic environment. The test results are shown for four zones on
the ACC. These test data show good correlation with the analytically predicted
maximum environment.
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SHROUD SIDEBODY HEATING

The curves show the total heating to the ACC skirt sidewall and the components of
the total heating. The heating is based on an assumed initial ACC skin temperature

of 0°F.

The components of heating are:
A) Plume radiation which is considered constant;
B) Plume convection which varies with altitude; and
C) Aeroheating which varies with velocity and altitude.
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SHROUD AFT HEATING

The curves show the total shroud aft surface heating from lift-off through shroud
separation and the components of total heating. An initial ACC skin temperature .

of OOm was assumed.

The components of shroud aft heating are:
A) Plume radiation which varies with time; and

B) Plume connection which varies with altitude.

R
SR |

te
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STS/ACC FLIGHT CONTROL - OMS MANEUVER

On the STS/ACC flights where the ET is taken to orbit, the OMS engine thrust vector ‘
may not pass through the STS cg. As a result, the orbiter RCS is used to maintain

STS control during OMS firings.

The RCS propellant required to maintain control is a function of the ACC cargo

weight (shown opposite).
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ACC/MLP INTERFACE

»m__,oc:o_cag.:nmwaumno::mnwu.mHOowﬂmo_o:ﬁ:m»oo w:w:m:,\kan:ma_‘.m:ﬁ.q:m . "
centerline of the disconnect is located woo from the -Y centerline. The motion |
of the new umbilical arm is a direct retraction to clear the ACC. A new rolling

beam arm support platform is required.
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GPACC SHROUD - GROUND UMBILICAL DISCONNECT

The GPACC umbilical disconnect provides fittings for purging the ACC wvolume,
electrical disconnects, electrical spares and two 3/8 inch fluids disconnects. One
fluid disconnect is used for the HGDS, the other 1is a spare.

Low pressure purge gas (air, GN2, GHe) is admitted to the GPACC purge gas manifold
via the umbilical purge gas fitting, and is vented to the atmosphere just below the
ET LH2 tank aft dome outer perimeter.
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ACC MODEL 101 RAIL MOUNTED TROLLEY

A rail mounted trolley (RMT) using Huwood-Irwin Model DA-102 wheel assemblies will ‘
be used on the MLP deck for GPACC payload installation at the launch pad. The RMT
provides a 7 in. clearance between the ET aft dome and the PSS.
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ET/ACC TO ORBITER ELECTRICAL INTERFACE (EO-4)

In order to accommodate ACC Systems and Payloads, new wires are required to/from.

the Orbiter/ACC through EO-4 connectors. This wiring requirement can be .
accommodated by utilizing two of the four open holes to install a power circuit

connector (NBOE22-12P) and a Data/Signal/Control Connector (NBOE22-55P).
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ET/ACC TO ORBITER ELECTRICAL INTERFACE (EO-5)

In order to accommodate ACC Systems and Payloads, new wires are required to/from

the Orbiter/ACC through EO-5 connectors. This
accommodated by utilizing one of the two open holes
connector (NBOE22-12P).
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VOLUME UTILIZATION FOR STS NON-DOD ETR FLIGHTS

Sixty-seven percent of the 334 total flights exceeded 85% volume usage. Among the
108 low volume utilization flights (below 85% volume usage), there were 67 flights
carrying a single payload that was 37 feet long and weighed 60,000 pounds. These
were typically propellant delivery flights to the space station. The remaining
flights under 85% volume utilization resulted primarily from a few high density
payloads, e.g., EOS production resupply which is 10 feet long and 32,000 pounds .
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WEIGHT UTILIZATION FOR STS NON-DOD ETR FLIGHTS

Only 42% (152 flights) of the total 334 flights exceeded 90% performance
utilization. Seventy-four of these 152 flights carried a single payload weighing
60,000 pounds. There were 117 flights wusing 1less than 75% of the available
performance. The large number of low performance utilization flights 1mmcwﬂma from
the quantity of high volume, low density payloads. The wide variation in payload
density permits selective manifesting for optimum usage of an ACC in some cases.
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STS AND STS/ACC FLIGHT RATES

The availability of an ACC could save 31 flights during this twelve year period,
which is an average of 2.8 ACC's used per STS flight saved. The use of the ACC
could provide even greater savings with revised scheduling of payloads. In this
mission model capture, some years had ACC opportunities but no unmanifested ACC
type payloads; other years had some unmanifested ACC type payloads because they
exceeded the STS/ACC lift capability.
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ACC FLIGHT RATES - USED/AVAILABLE

There were seven ACC oppotunities (flights with sufficient excess performance) that
could not be used because of an insufficient number of unmanifested ACC type
payloads in the particular year of the excess performance. These seven ACC
opportunities could have been utilized either by shifting unmanifested ACC type
payloads to those years of excess ACC opportunities or by scheduling additional ACC
type payloads which may have originated at some later date.

The space station altitude reduces available excess flight performance and thereby
reduces the number of opportunities to use an ACC. This disadvantage of space
station altitude 1is offset to some extent by the number of low density payloads
scheduled to space station.
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PAYLOADS MANIFESTED IN ACC (1989-2000)

There were 45 types of payloads manifested in the ACC. Ninety-three of the 159
total payloads manifested in the ACC were scheduled for GEO destination.
Seventy-nine of these had SSUS-D upper stages. Most of the payloads were less than
10 ft long and all of them had been assigned a diameter of 16 ft. The cargo
weights for the individual payloads varied from 2700 to 29,100 pounds. The number
of small light weight payloads (2500-5000 pounds) provided greater flexibility in
the utilization of ACC opportunities.
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ACC PAYLOAD ENVELOPE

The GPACC provides within the shroud a payload envelope of 25 ft dia X 15 ft long,
with a truncated cone 5 ft long x 25 ft wide, narrowing to 16.7 ft wide at the aft
end. This envelope also allows accommodation of a 15 ft wide X 20 ft long cargo
element.

The DACC shroud provides a payload envelope 26.9 ft dia X 4.31 ft long, within an
attached 13.49 ft radius clear dome.
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GPACC ACCESS REQUIREMENTS FOR GENERIC & PAM

Ground access
volume These

respectively.

is required into both the shroud volume, and the ACC skirt and PSS
requirments are met by providing doors at quawo and xawywm~

The doors are located in the -Y, ~Z quadrant and are centered 45°

from the -Y ACC centerline.
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DACC ACCESS

The DACC design incorporates only one opening through the structure to access the .
internal area. The opening is 30 in. X 34 in. in size and is located in the -Y, -Z
quadrant of the DACC skirt assembly.
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GPACC/PAM-CLASS INTERFACE LOCATIONS (GENERAL)

There are 32 structural attach fitting locations. The "X" in the figure represents
the center of the attach fitting. Each fitting has holes ftor four 1/2 in. bolts.
The fittings are located on 34 in. centers. The attach fittings are designated as
I/Fs APl through AP32.

Interfaces AP33 and AP34 are cargo unique purge spigots which are attached to the
PSS. These purge spigots are provided as kits and support cargo element needs.

Interface AP35 is the electrical interface panel (EIP). The EIP may be located at

any/all of the 1locations AP35A through AP35D. The EIP supports single/multiple

cargo elements.
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GPACC SURROGATE ORBITER BAY

The surrogate orbiter omsmoAcm< (S0CB) is designed to simulate a 20 ft section of
the orbiter cargo bay. As such, the SOCB provides longerons, a keel and locations
identical to those in the orbiter bay for longeron and keel fittings. Further, the
EIPs are provided which simulate the orbiter SIPs.

The SOCB can provide, as a kit, a tilt capability to facilitate deploying payloads,
such as the Centaur.
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GPACC/PAM-C MANIFEST CONFIGURATION

The basic manifest configuration for two PAM-C cargo elements is shown. The cargo
elements are mounted as close to the beam intersections as possible for better load
distribution, and they are also oriented away from the Orbiter to minimize heating
rates during ascent. Adequate dynamic c¢learance exists between the two for
deployment operations.
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ACC CARGO AVIONICS SCHEMATIC

The ACC avionics system provides one standard mixed cargo harness capability for
the cargo element, and does this within the constraints of the available connector
spaces and pins at EO-4 and EO-5.

Provision is made for redundant hardwiring of critical command and criteria data

through EO0-4 and EO-5 in addition to accommodating the requirements for the ACC's

power, command and data.
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DACC INTERFACE LOCATIONS

There are two DACC/facility I/Fs: the dual umbilical fluids disconnect in the PS
structure and the ground vent valve in the aft dome. The dual umbilical fluids
disconnect provides all the fluids needed for the OTV and ACC from arrival on the
launch pad through 1lift-off. The ground vent wvalve provides ACC wvolume purge
venting until T-2 minutes when it closes (prior to lift-off).

There are four OTU/ACC PS structural I/Fs consisting of special bolts. Two bolts

are retained by explosive nuts, and two bolts on the Z centerline are retained by.

explosive nut thrusters.

Two OTU/ACC fluids I/Fs are used. The LO2 I/F is located in the +Y and +Z quadrant
of the PS beam diamond; the LH2 I/F is located in the ~Y and -Z quadrant of the PS
diamond.

A single EIP is located in the +Y and -Z quadrant of the PS diamond. The EIP has

provisions for 16 connectors, and has the capability of two orbiter standard
interface panel (SIP).
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DACC/0TV FLUIDS INTERFACE PANEL (OXYGEN)

The LO2 I/F panel is designed to allow assembly between the OTV and DACC PS beams.
Two rise-oft type fluid disconnects are used, each 2 in. in dia.

Multiple functions are accomplished through each line: The 102 fill 1line is also

used for LO2 tank topping off and purge, and the L0O2 pressurization line is also
used as the L0O2 tank vent line.
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DACC/0TV FLUIDS INTERFACE PANEL (HYDROGEN)

The LH2 I/F panel is designed to allow assembly between the OTV and the ACC PS
beams.

This I/F panel contains three rise-off type fluids line/disconnects. Two of the
line/disconnects are 2 in. dia, the third 1is 0.375 in. dia. Each 2 1in.
line/disconnect connects 1lines having multiple functions. GH2 wventing and
pressurization is handled through one of the 2 in. dia line/disconnects. The other

line/disconnect handles LH2 fill, drain, purge and topping. The 0.375 in. dia
line/disconnect is only for GHe pressurization.
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DACC/0TV ELECTRICAL INTERFACE PANEL (EIP)

The mounting structure for the EIP is designed to be mounted on the OTV rack and
the PS beams.

The EIP accommodates all the electrical connectors for one complete orbiter
standard mixed cargo harness with spares. The EIP connector hole pattern is
identical to one port and one starboard orbiter SIP.
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-2

DACC/GROUND INTERFACE PANEL

The DACC ground interface panel is a dual disconnect type that provides oxygen and
hydrogen services to the OTV.

Other services 1lines provided at this I/F are: the HGDS, OTU GHe bottle

pressurization, ACC purge gas, and the ground umbilical carrier plate (GUCP) cavity

purge .
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DACC/Ground Interface Panel
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LINE SIZES

ACC PURGE = .3715" (1)

He BOTTLE PRESS = 375" (2)
LH2 FILL & DRAIN = 2.00"
LH2 VENT = 2.00”

HGDS = 2.50"

GUCP CAVITY PURGES &
RETURNS = .375"

LO2 FILL & DRAIN = 2.00”
LO2 VENT = 2.00"

SEAL AREA (TYP)

CAVITY PURGE RETURN

MARTIN MARIEYTA
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DACC/EO-5 ELECTRICAL INTERFACE

In order to accommodate DACC Systems and Payloads, new wires are required to/from

the Orbiter/DACC through EO-5 connectors. This wiring requirement can be ‘
accommodated by utilizing one of the two open holes to install a power circuit

connector (NBOE22-12P).
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DACC/0TV STRUCTURAL INTERFACE

Four OTVU structural attach points are located on the ACC PS beams. The attach
points located in the +Z attach points react the loads imposed by the OTVU LO2
tanks. The attach points located at the +Y areas react the OTVU LH2 tank loads. 1In
a clockwise direction beginning at the top (+Z location), the attach points have
I/F designations of AT1, AT2, AT3 and AT4.
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DACC/0TYV STRUCTURAL INTERFACE (CONCL)

VIEW A

VIEW D

VIEW F

AT1 attach point: A slot, provided in the structure supporting the attach
bolt retainer, allows movement of the bolt in the +Z directions.

Slotted structure: This structure allows +Y movement of the bolts at AT2
and AT4,

Installation of the bolt at AT3: This bolt is fixed against movement in
any direction.
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PAM-C LOADS

The load factors are presented for lift-off, high-Q and post—-high-Q
These load factors are applied at the cargo element cg.

128
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STRUCTURAL ATTACHMENT LOCATIONS AND OTV ATTACH LOAD DIRECTIONS

The OTYU is attached to the DACC at four points, AT1 through AT4. These points lie
in the Y-Z plane at xampwp.wo. The attachment points are designed to restrain a
total of 9-DOF.

The 1loading in the X direction is reacted by all four attach points. The Y
direction loading is only reacted by the OTVU/L0O2 tank fittings (AT1, AT3). The
only attach points reacting all Z direction loading are the OTVU/LH2 tank fittings
and -Z OTVU/L0O2 tank fitting.
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OTV LOAD FACTORS AND LOADS

This table 1l1lists the bolt location,
OTVU/DACC bolt load limit for lift-off,

load factor, load direction and resulting
maximum SSME thrust and high-Q conditions.
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DACC/0OTV TRANSIENT COMPARTMENT GAS TEMPERATURE

The DACC compartment gas temperature varies on the ground and during ascent.

The curves show the DACC compartment gas temperature variation with time for 120
seconds prior to lift-off through approximately 80 seconds of the ascent flight.
Beyond 80 seconds, the compartment gas temperature is not shown because the

concentration of gas is assumed negligible.

A 2
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HEATING RATES TO PSS FOLLOWING SHROUD SEPARATION (WITHOUT PAYLOAD)

This figure shows the heating rates to the ACC structure after shroud separation
and without a payload. Three zones of heating were defined with a heating rate
range of 10 from +Z to -Z.

The varying heating rates will result in structural temperature variations. In
turn, these variations will result in unsymmetrical structural thermal distortions.

When an OTV 1is present, it 1is estimated that the wunsymmetrical structural
distortions will be increased due to partial "shading" of the ACC by the OTV.
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INCIDENT SSME PLUME RADIATION RATES

This figure shows the incident SSME plume radiation rates in the vicinity of the
ACC PSS after ACC shroud separation. These rates are applied to cargo elements
located within the ACC cargo volume.
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CONVECTIVE ENVIRONMENT

The figure gives the convective heating environment to a "cold" ACC cargo element
from shroud separation through MECO. .
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GPACC SHROUD SKIN TEMPERATURE DURING ASCENT

The GPACC maximum allowable shroud skin temperature is shown in this figure.

lift-off temperature is nominal. Insulation will be

required) to control the maximum skin temperature.
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GPACC PRESSURE HISTORY PRE- AND POST-SHROUD SEPARATION

The curve on the left shows the absolute and differential pressure for the GPACC
volume from lift-off until shroud separation. Two cargo element volumes were used
in the analysis.

The curve on the right shows the pressure decay as the shroud separates. Again,
two cargo element volumes were used in the analysis.

146




(vt

NOISIAIG GNOHIIN S¥E'STZ

VALTIMOUW NILMYW

NOILVHVd3S ONOYHS H3IL4V SONOIIS 4404417 Y314V SONODI3S
€0 A 10 0 031 oOvL o0ZL ooL 08 09 Oy OCZ O

Ho096 = dW3L

ISd €20°0 ='SS3Ud 3ISvE ¢ld 0005 = 10A 1/d

¢L4 0005 = TOA Vd

HoS08 = dW3L
gld 001 = 10A d
010

I
o
ISd - 3UNSSIHd

ISd 900°0 ="SS3Yd 3V
¢ld 001 = 10A Vd

ISd - 3HNSSIHd TVILNIHI4I0

NOILVHVd3S QNOUHS

— G0

"SS3dd VILNIYIIHIQ ===
"$S34d ILN10S8Y =———
—I 0C0 sl

NOILVHVd3S GNOYHS H3ILdV NOILVYHVd3S GNOHHS 01 ¥OIYdd

uoneledag pnoays 1sod 3 9id
‘A10]1SIH @InsSsdaid DIOVdD




DACC COMPARTMENT PRESSURE TIME HISTORY

The curve displays the shroud internal differential pressure from lift-off through
shroud separation. Pressure variations with time are controlled by varying the ACC ‘
volume bleed-down rates through the DACC motorized vent valve.
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ACOUSTIC ENVIRONMENT WITHIN THE ACC CARGO COMPARTMENT

One-third octave band sound pressure levels are shown as a function of one-third
octave band center frequency for the GPACC and DACC.
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LAUNCH AND ASCENT UIBRATION ENVIRONMENT FOR ACC CARGO VOLUME

The curve shows the acceleration spectral density as a function of one-third octave
band center frequencies in the radial, longitudinal and tangential directions. ‘

Data are provided for lift-off and boost conditions.
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RADIAL (VEHICLE Y AND Z) VIBRATION SPECTRA

The curve displays acceleration spectral density as a function of frequency for
lift—-off and boost conditions. These data are given for the ACC attach points.
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LONGITUDINAL (VEHICLE X DIRECTION) VIBRATION SPECTRA

The curve shows acceleration spectral density as a function of frequency for
lift-off and boost conditions. These data are given for the ACC attach points.
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GENERAL PURPOSE ACC CONFIGURATION

The three major elements comprising the GPACC are the skirt, PSS, and shroud .
assemblies.
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ACC MODEL 101 GENERAL ARRANGEMENT

The ACC Model 101 will have a volume of 9100 cu ft, adequate to carry multiple
payloads and a variety of payloads including: STS orbiter-type, PAM-type and ACC
unique. Model 101 will accommodate any combination of payloads which can be fitted
into a volume of 25 ft dia X 15 ft 1long, or 15 ft dia X 20 ft 1long, or any
combination of the two. Model 101 will consist of three major assemblies: skirt,
PSS and shroud. The skirt will contain an access door for servicing LRUs and
provide interfaces between the ET and ACC. The PSS will be 22.75 in. deep and will
contain double cruciform beams with a bulkhead (panel) affixed to the forward face
of the cruciform. The aft face of the cruciform will provide payload attachment at
multiple locations. Housed inside the PSS will be the: attitude control system,
deorbit motors, avionics package and electrical disconnect panel. The PSS will
provide the payload attachment interface, the shroud interface, and will attach to
the ACC skirt. The shroud contains the purge manifold, ground umbilical, staging
rails and access door in the frustum section.

The skirt is comprised of skin panels with integrally machined internal ribs. The
shroud barrel section 1is constructed of skin with internal corrugations. The
shroud frustum, baseplate and PSS bulkhead are constructed of honeycomb-type panels.
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GPACC SKIRT

The GPACC skirt assembly is a monocoque cylinder and consists of eight aluminum
alloy panels stiffened with integrally machined stringers and rolled to form a 331
in. diameter cylinder when butted and spliced together. Five intermediate ring
frames are riveted to the internal surface of the skin to provide additional
structural rigidity. The forward and aft edges of the skirt contain angle ring
flanges which provide additional stiffness to the skirt assembly as well as mating
surfaces for bolting the skirt assembly to the ET at station Xt 2062.65 and the PSS
assembly to the skirt at station Xt 2168.54. The skirt assembly contains two
cutouts in the skin; a 29.0 in. wide x 34.0 in. high opening for an access door and
a 48.23 in. wide by 54.85 in. high opening for a sealing cover around the LH2

feedline and LH2 recirculation line.
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SKIN PANEL SPLICE

Each ofthe eight butt joints in the skirt skin is held together with two 2.0 in. .
wide by 0.064 in. thick splice plates (one on the external surface of skin and one

on the interior surface). The splice plates sandwich the butt joint and are

riveted together through the butt joint by a row of rivets on either side of the

joint. The accompaning chart shows a typical panel splice of the GPACC skirt

assembly.
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ET/GPACC STRUCTURAL ATTACHMENT

The forward ring flange ofthe GPACC skirt assembly mates with and is attached to
the aft main ring flange of the ET at station Xt 2062.65. The bolting surface
extends beyond the skin OML 1.41 in. and the mating ring flanges bolt together with
3/8 in. diameter bolts. The bolt hole pattern in all mating flanges between the
three GPACC major assemblies (skirt, PSS and shroud) will be the same as used on
the ET to utilize existing ET tooling. The skirt skin OML 1is mounted flush with
the outer surface of the forward ring flange apron as shown in the accompanying

view graph by machining the aft area of the apron to accommodate the thickness of
the skin.
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LH2 FEEDLINE AND RECIRCULATION LINE COVER

The LH2 feedline and recirculation line cover serves as a fairing around the LH2
feedline and the LH2 recirculation line which feed the STS main engines. The cover
is fabricated using integrally machined aluminum alloy material. The cover is made
in two halves to facilitate installation and is made of aluminum alloy similar to
that used in the skirt skin. Neoprene seals will be used to seal the joints in the
cover around the LH2 feedline and recirculation 1line and also the cover/skin
joint. The cover is curved to the contour of the skin panel and is bolted to the
panel with 1/4 in. diameter bolts. The angle 1lining each opening affords a

retaining surface for the neoprene seals.
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¥

STAGING RAIL GUIDES INSTALLATION

Staging rails attached to the GPACC shroud maintain control of the shroud during .
separation. These rails are supported in the GPACC skirt by rail guides
(illustrated on the opposite page).
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TYPICAL LONGERON INSTALLATION

Eight longerons are used to aid in the transfer of structural loads to the skirt
skin during the launch and ascent phases of the mission. The longerons are riveted
to the inside surface of the skirt skin and located immediately forward of each PSS
support beam fitting. The longerons are tapered Z-sections with the largest cross
section area at the aft ring flange.
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SKIRT ACCESS DOOR

The access doors in the skirt and in the shroud are nonstructural units and contain

two flush-type handles to facilitate installation and
29.0 in. wide and 34.0 1in. long and is installed
external surface of the skin, similar to the access
The door is contoured to fit the skin curvature and

seal the door to the skin surface.
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GPACC PSS

The payload support structure assembly is a monocoque cylindrical structure 22.75%
in. long and 331 in. diameter, osL. The PSS consists of three major
subassemblies. The skin assembly, double cruiform support beam assembly and the

honeycomb bulkhead assembly.

The skin assembly is composed of aluminum alloy panels reinforced with internal
corrugated panels riveted to the inside surface of the skin. The skin panels are
approximately 22.75 in. wide and are butt spliced together. Eight payload support
beam attachment fittings are included in the skin assembly and provide for payload
support beam attachment to the skin assembly as well as to disburse the structural
loads. Four protective fairings (covers) for the deorbit motors and two attachment
ring flanges are also included in the PSS skin assembly.

The payload support beam double cruciform assembly provides the interface for
mounting payloads in the GPACC. The aft surface of the payload beams contain
attachment holes for wvarious payloads. The payload support beams are of I-type
configuration with forward and aft T-type caps of extruded aluminum alloy material
and a web of aluminum alloy flat stock reinforces with T-angles.

The PSS honecomb bulkhead is made up of 23 panels of two in. thick 3/8 in. 5052

hexagonal aluminum honeycomb core material sandwiched between two 2024 aluminum

sheets.
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STAGING RAIL ROLLER GUIDES

The GPACC shroud staging rails are supported in the PSS as illustrated on the

opposite page. The roller guides are located at X.2175 and X.2193.

T T
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PAYLOAD SUPPORT BEAM - TYPICAL CROSS SECTION

The payload support beam consists of two extruded aluminum caps and a web
reinforced with T-extrusions riveted to the web. The width of the aft cap (Sta
xquwp.wov varies from 6 in. at each end to 9 in. at the center segment. The aft
cap surface interfaces with the payload mounting bracketry. The forward cap varies
in width from 4 in. at each end to 7.5 in. at the center segment. The web is

riveted to the caps to form the basic support beam.
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PAYLOAD SUPPORT BEAM -~ JOINT SPLICE PLATE INSTALLATION

Each of the four intersecting joints of the payload support beam assembly are .
additionally reinforced with two beam splice plates: one located on the forward
cap of the beam, and one on the aft cap.

The spliced plates are fabricated from aluminum flat stock that is 0.125 in. thick,
hexagonal in shape, and 20 in. wide. The plates are bolted onto the beam caps.
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PAYLOAD SUPPORT BEAM - TYPICAL FITTING

The ‘“"bathtub" fitting shown in this <chart 1is used as an additional beam
reinforcement at the payload/payload support beam attachment points.

The total number of fittings required per flight is a function of the number of
attach points required by the cargo manifested.
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TYPICAL PAYLOAD SUPPORT BEAM - SKIN ATTACHMENT FITTING

Eight PSS beam-to-skin attachment fittings attach the ends of the payload support
beams to the PSS skin assembly to provide load distribution to the GPACC skin
panels.

The fitting is an aluminum alloy forging machined to mate with the ends of the
payload support beams and fit into the skin ring frame assembly.
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ACC MODEL 101 SHROUD

The shroud functions as a thermal and acoustical protection cover for the payload
during the launch and ascent phases of the mission.

The three structural elements of the shroud assembly are: (1) a cylindrical
barrel assembly, (2) a truncated cone assembly, and (3) an aftt bulkhead assembly.

The barrel assembly is 186.42 in. long X 331 in. dia and is composed of 8 panel
assemblies. The panel assemblies consist of aluminum skin reinforced with aluminum
corrugated stiffening. Seven hat-type intermediate ring frames extend radially
around and are riveted to the inside surface of the barrel skin. The forward ring
frame at Sta xquwm.mo is riveted to the external surface of the barrel skin and
mates with the PSS aft ring frame. The oblique ring frame at Sta xqquq.q~ is
also riveted to the external surface of the barrel skin aft edge and provides a
mounting surface for attachment of the cone assembly forward edge. Two separate
staging rails are located at the +Y axes and extend parallel to the X axis along

the inner surfaces of the ring frames.

The truncated cone is 70.29 in. long and tapers from a 331 in. dia to a 230 in.
dia. The assembly is composed of eight 1.0 1n. thick honeycomb panels with
openings for an access door and umbilical plate.

The aft bulkhead is 230 in. dia and is composed of eleven 4.0 in. thick honeycomb
panels.
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SHROUD-TO~PSS INTERFACE

THE PSS-to-Shroud connection is made at Sta xqmpoﬂ.mo. This mechanical joint
requires eighty 1/8 in. dia bolts installed on 13 in. centers in the flanges.
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AFT BULKHEAD

The GPACC shroud aft bulkhead is manufactured and shipped to Michoud as three major
honeycomb panels. These panels are spliced together (as illustrated in this chart)
to complete the aft bulkhead assembly.
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SEPARATION RAIL

The GPACC shroud is controlled during separation by guide rails mounted to the
shroud structure. The separation rail design is illustrated on the opposite page.
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SEPARATION RAIL MOUNTING/GUIDE DETAILS

A typical GPACC shroud separation rail is mounted to the
illustrated on the opposite page.
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GPACC ENVIRONMENTAL PROTECTION SYSTEM

The environmental protection system (EPS) is designed to provide acceptable sound
levels in the GPACC payload compartment and to maintain the aluminum structural
skin at or below 350°F .

The entire shroud inner surface and the PSS bulkhead are lined with an acoustical
absorption blanket. The blanket 1is held in place with special <clips and
restraining cables. The blanket material is similar to that used in aircraft.

The skirt and cylindrical portion of the shroud have a 0.8 in. thick coating of
CPR-488 foam sprayed to the outside skin line (OSL). The conical section of the
shroud is coated with 0.35 in. SLA-561 ablator. The aft bulkhead is coated with
0.45 in. SLA-561.
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ACC MODEL 101 PURGE AND VENT SUBSYSTEM

The GPACC purge system provides an inert environment inside the ACC prior to
launch. Purge is provided through a ground support umbilical located on the lower
portion of the GPACC shroud.

The payload compartment is vented into the skirt through filtered penetrations in

the PSS cover. The skirt is vented to ambient through 10 vents located in the
upper portion of the skirt structure.
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ACC MODEL 101 HAZARDOUS GAS DETECTION SYSTEM

The ACC payload compartment and skirt noavw1nam3ﬂ have a HGDS (shown opposite) that
monitors the inertness of the internal environment.
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SHROUD SEPARATION ORDNANCE SUBSYSTEM |

The shroud separation ordnance is designed to fracture the structural joint between .
the retained and staged portions of the shroud.

Initiation is accomplished through two PICs, two NSIs, a safe and arm device, and
two detonator blocks (placed 180° apart). Coupling blocks join the equal lengths
of the expanding tube charges together and assure explosive propagation across the

joints.
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DEORBIT/ACS SUBSYSTEM COMPONENTS

The major components for the ET/GPACC deorbit are shown.

The deorbit dimpulse idis provided by four Thiokol STAR 26B solid rocket motors
(SRM) . Each SRM provides an average thrust of 7970 1lb for approximately 18
seconds. The units are located so the resultant thrust vector passes through the
nominal ET/GPACC deorbit cgqg.

The functions of the ACS are: to arrest separation disturbances, to achieve and
maintain the required reference attitudes within HHoo in all axes, and to provide
a vehicle spin rate of 20%/second prior to deorbit motor firing. A baseline
hydrazine monopropellant system provides these capabilities. Each Rocket Research
module has two opposing thrust units to provide a thrust which varies between 25
1bf and 15.5% 1bf when operating with a prepressurized tank in a blowdown mode.

The ACS uses a total of 94.8 lb propellant in performing its functions.
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GPACC AVIONICS SCHEMATIC

The GPACC avionics (dedicated to GPACC use) shares dual command/data controllers
and the PCM MUX with the cargo elements.

The GPACC systems that require avionics support are: the shroud separation system,

ACS, and deorbit system. Redundant critical command and critical data paths are
provided.
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GPACC WEIGHT SUMMARY

The weight summary is presented for the GPACC, which is designed to carry a variety
of payloads. In addition to the total GPACC weight and its functional breakdown,
the weight is also shown for that part of the shroud which is staged during ascent.

The weights were established by estimating/calculating from detailed drawings,
stress data, configuration layouts and subsystem descriptions. Within each
functional weight breakdown, a weight allowance is estimated for inaccuracies in

weight resulting from a lack of detail in current design data.

The assembly attach hardware is that which is needed to mate the skirt to the ET,
the PSS to the skirt, and the shroud to the PSS.

The growth figure is the predicted weight allowance for design and weight changes
due to design deficiencies and manufacturing variations.
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DACC CONFIGURATION

The two major elements comprising the DACC are, the skirt and shroud assemblies.
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DACC GENERAL ARRANGEMENT

The DACC is an OTV dedicated, pressure stabilized, structural design. It is sized
to accommodate only an OTV. The enclosure provides 18.3 ft behind the structural
attachment plane, which transitions from a 27.5 ft cylinder to a hemispherical dome.

The DACC consists of two major assemblines, the skirt and a stageable shroud. The
skirt provides the structural attachment to the ET via modification of the Sta 2058
ring frame. A door in the skirt provides on pad access to the payload, but does
not provide on pad payload changeout. The skirt also provides a payload mounting
surface at xqmwoa.wwp (a double cruciform beam).

The OTV services are routed from an umbilical plate (on the skirt) to an internal
I/F that separates when the OTV is deployed. The ground support umbilical provides
the following services: cryogenic loading/unloading, purge, venting and
pressurization.
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ET/ACC FLANGES

Shown are the two flanges at xquow.ow to be considered in the trade study. The
baseline joint uses the existing ET drill fixture while the "low profile" joint
requires a new drill fixture with a pitch circle radius (PCR) less than 166.21 in.
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ACC SKIRT/SHROUD FLANGES

Shown are the two flanges at xaw:;.ww to be considered in the trade study. The ’
low profile joint would require a PCR less than the ET radius of 166.21 in.
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TRADE STUDY -~ COST AND WEIGHT SUMMARY

The study results indicate that the weight savings

increase in program cost.
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RIVETED SHROUD CONSTRUCTION

The riveted shroud configuration, used in the trade

study for comparison with
alternate construction methods, is shown in this chart.
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WELDED SHROUD CONSTRUCTION

The welded shroud configuration, wused in the trade

alternate construction methods,

is shown in this chart.
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FACILITIES REQUIREMENTS - TRADE SUMMARY

Facilities requirements for both trade study candidates are shown.

Construction of Facilities (C of F) funding required for a riveted shroud is only
66% of the total funding required for a welded shroud.
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SHROUD CONSTRUCTION COST COMPARISON

A DACC shroud using riveted construction is estimated to cost less in all major
cost areas.

An estimated total cost reduction of 66% is feasible if a riveting technique is
used instead of welded construction.
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SHROUD CONSTRUCTION WEIGHT COMPARISON

The riveted DACC shroud structure is estimated to weigh 18% less than a welded .
structure.
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INDIVIDUAL ACC BEAM GEOMETRY AND LOADING DIAGRAM

This sketch shows the individual ACC beam geometry and loading diagram for X .
accelerations only. The slope of the beam was varied from a slope greater than the
baseline configuration to a beam with parallel caps. Also, the beam depth (h) at

the LO2 fitting was varied from 20 in. to 33 in. The loading diagram was used to

calculate stresses and gages for the beam, and to determine weights.
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BEAM DEFLECTIONS VS SLOPE FOR VARIOUS BEAM DEPTHS

Each graph shows
LO2 fittings decrease as the beam slope decreases.

the

fittings.

that the deflections and relative deflection between the LH2 and

This

recduction

in

the

relative

As the beam depth increases,
the series of graphs show a trend towards smaller total and relative deflections of

displacements

out-of-plane deflections of the four OTVU attach points.
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BEAM WEIGHT VS BEAM DEPTH

These curves reflect the beam weight vs the beam depth for various beam slopes.
This family of curves indicates that the lightest beam is a parallel beam of
maximum depth. There is a maximum aft station (Sta 2194) for the aft caps of these
beams (ACC/OTV interface) that does not impact facilities. Sta 2194 1involves a
9 in. move aft from the baseline configuration. Similarly, for the top of the
beams, there is a maximum forward location (Sta 2168.5) that prevents interference
between the LH2 aft dome and the ACC beams' top caps during launch loads. The
maximum depth beam line on the graph shows the deepest beam possible for the
various slopes within these constraints. Therefore, the minimum weight beam is the
parallel beam that is 25.5 in. deep and weighs 204 1lb.
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DACC/CELL B — CLEARANCE

The DACC skirt-to-Cell B clearances are shown. In order to increase the depth of .
the PS beams, the skirt length was extended to the minimum acceptable clearance
level for Cell B in the MAF Vertical Assembly Building.
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0TV RACK WEIGHT VS INTERFACE OUT-OF-PLANE DEFLECTION (9-DOF INTERFACE RESTRAINT)

This curve shows the OTV aluminum rack weight uvs the OTVU/ACC I/F out-of-plane
deflection for the 9-DOF restraint I/F. By going from the baseline configuration
to the 25.5 in. parallel beam, the I/F out-of-plane deflection is reduced from 1.5
in. to 0.% in. This reduction results in a saving of 18 1lb in the OTV rack
structure. ,
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WEIGHT SUMMARY

The OTV support beam trade study resulted in a net weight savings for both the DACC
and OTV.
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DACC SKIRT

The skirt (approximately 11 ft long) is a builtup aluminum structure consisting of
skins reinforced by Z-stiffeners and three intermediate Z-rings. This structural

element (containing the payload support beams) is the I/F between the ET and the
cargo element.
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DACC Skirt
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DACC SKIRT STRUCTURAL DRAWINGS

This list contains all preliminary drawings relating to the DACC skirt assembly and
includes: the drawing number, a brief description of the drawing content and the

total number of sheets for each drawing.
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ET/DACC ATTACHMENT FLANGE

The attachment flange provides the structural I/F for the DACC skirt to the ET at

xqmoom.om. The attachment ﬁumsam is composed of four ring segments and contains
a total of 137 bolt holes. The holes are located on a pitch circle radius of
166.21 in.
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BARREL SKIN PANELS (PLAIN)

The skirt cylindrical section contains eight plain skin panels, 123.68 in. long.
The panels are cut from aluminum stock 0.035 in. thick with varying circumferential
widths. The skin panels are located in those areas not subjected to the payload
support beam end loads. The access door opening (30 in. X 34 in.) 1is in one of
these panels.
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BARREL SKIN PANELS (REINFORCED)

The skirt cylindrical section contains eight reinforced skin panels which are
123.68 in. 1long. The panels are chem milled from stock aluminum to the various
required thicknesses which are driven by the payload support beam end loads.
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Z-RING

A typical Z-ring quarter segment 1is shown. The 5 in. deep ring is formed from
0.050 in. thick stock aluminum. The ring is notched to allow installation over the
LO2 and LH2 longerons. . .
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waHwk RING FRAME

The xawHwé ring frame reacts the beam and skirt 1loads and also provides the

attachment I/F between the skirt and shroud structure.
and contains web stiffeners located on 3.79 in. spacing.
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DACC PAYLOAD SUPPORT BEAMS

The double cruciform beam arrangement consists of two continuous beam assemblies .
and two segmented beam assemblies.
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DACC PAYLOAD SUPPORT BEAM STRUCTURAL DRAWINGS

This 1list contains all preliminary drawings related to the DACC payload support
beam assembly and includes: the drawing number, a brief description of the drawing
content and the total number of sheets for each drawing.
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PAYLOAD SUPPORT BEAM

The payload support beam is 25.5 in.

deep and approximately 300 in.

builtup structure consisting of forward and aft cap sections, a

stiffeners.
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DACC SHROUD

The shroud is a riveted aluminum structure consisting of a cylindrical section and ‘
hemispherical dome section. The shroud 1is approximately 18 ft 1long. This
structural element protects the OTU during the launch and ascent flight phases.
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DACC SHROUD STRUCTURAL DRAWINGS

This list contains all preliminary drawings related to the DACC shroud assembly and
includes: the drawing number, a brief description of the drawing content and the ‘ |

total number of sheets for each drawing.
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BARREL SKIN PANEL

The shroud barrel section is composed of four skin panels, 48.21 in. X 259.87 in.
fhe panels are formed from stock aluminim which is 0.050 in. thick.
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Barrel Skin Panel
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Separation Joint
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DOME SKIN GORE

The shroud dome section is composed of 16 gore sections.
stock aluminum which is 0.020 in. thick.
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AFT HINGE SUPPORT Z-SECTION

The staged portion of the DACC shroud has two beams installed to the inside surface
of the dome section. These beams react the hinge loads at staging. Each beam is a
Z-section, 2.5 in. deep.
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DACC PURGE AND VENT SYSTEM

The selected purge and vent system for the pressurized DACC design is shown.

The purge system supplies air, GN2 and He for wvarious operational sequences.
Gaseous nitrogen is used for compartment inerting prior to OTV propellant loading.
At T-2:09 hours, the purge is changed to He.

The internal volume is vented prior to T-2 minutes through vent openings in both
the skirt and shroud. At T-2 minutes, the shroud vent valve 1is c¢losed by a
motorized lanyard concept located on the MLP deck. During flight, the skirt vent

opening is controlled by a motorized vent valve.
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DACC MAIN PROPULSION FLUIDS SYSTEM

The LO2 and LH2 are transferred from the DACC dual umbilical disconnect area

(AGUCP) to the OTVU LO2 and LH2 tanks via the lines shown.

The LO2 and LH2 on pad tank pressurization is accomplished through one line to each
tank.

Inflight venting utilizes the same line used for pressurization on the ground. On
pad venting also uses the ground pressurization line.

Gaseous helium to pressurize the GHe bottle is transferred from the AGUCP to the
bottle via the GHe pressurization line.
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DACC HAZARDOUS GAS DETECTION SYSTEM

Hazardous gas "sniffers" are placed in the vicinity of the motorized vent valve and .
the ground vent wvalve. The sniffers' in-take 1is routed through the AGUCP to a
hazardous gas analyzer on the facility.

A rise-off type separation joint allows the aft HGDS lines and fittings to pull
free at DACC shroud separation.
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SHROUD SEPARATION ORDNANCE SUBSYSTEM

The shroud separation ordnance is designed to fracture the structural joint between
the retained and staged portions of the shroud.

Initiation is accomplished through two PICs, two NSIs, a safe and arm device, and
two detonator blocks (placed 180° apart). Coupling blocks join the equal lengths
of the expanding tube charges together and assure explosive propagation across the
joints.
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DACC THERMAL PROTECTION SYSTEM

The purpose of the TPS is to maintain the aluminum skin temperature at/below
o
350°F.

The skirt and cylindrical portion of the shroud have an 0.8 in. thick layer of
CPR-488 SOFI. The hemispherical shroud dome is sprayed with SLA-561 ablator to a
thickness of 0.35 in. over an area of 813 sq ft. The remaining dome area of

373 sq ft is sprayed to a thickness of 0.45 in.

The interface flange at xquow.om is the only flange that requires a closeout for

jce-frost conditions.
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DACC AVIONICS SCHEMATIC

The DACC avionics system shares the dual command/data controllers and the PCM MUX .
with the cargo element. Redundant paths are provided for all critical commands and

critical data. The DACC avionics system controls DACC shroud separation, the

motorized vent value position, and ignition of the OTV separation system,
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DACC WEIGHT SUMMARY

The weight summary is presented for the DACC, which is designed to n_w_)_.é a .
suborbitally released OTV. In addition to the total DACC weight and its functional

breakdown, the weight is also shown for that part of the shroud which is staged

during ascent.

The reported weights were established by estimating/calculating from detailed
drawings, stress data, configuration layouts and subsystem descriptions. Within
each functional weight breakdown, a weight allowance is estimated for inaccuracies
in weight resulting from lack of detail in current design data.

The assembly attach hardware is that which is needed to mate the skirt to the ET,
and the shroud to the PSS.

The growth figure is the predicted weight allowance for design and weight changes

due to design deficiencies and manufacturing variations.
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Ground Rules and Assumptions

@ PRODUCTION STUDY LIMITED TO THE DEDICATED ACC

@ ET SCAR IS NOT ADDRESSED (PREVIOUSLY STUDIED)
@® PLAN ASSUMES ET PROGRAM TO BE PROTECTED TO 24 ET'S/YR
@ PRODUCTION PLAN ASSUMES (6) ACC’'S PER YEAR CAPABILITY

@ ACC WILL BE BUILT AT MAF

- SKIRT WILL BE ATTACHED TO ET

- HEMISPHERICAL DOME/BARREL SHROUD ASSY
WILL BE SHIPPED LOOSE ON BARGE

@ ASSUMED TOOLING IDENTIFIED IN RATE TOOLING COMPLETION
PROPOSAL WILL BE AVAILABLE

@ ASSUMED FACILITIES IDENTIFIED IN THE FIVE YEAR CONSTRUCTION
OF FACILITIES PLAN (NOV 1982) WILL BE AVAILABLE

MARTIN MARIETTA

215.3.85 MICHOUD DIVISION
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SEQUENCE FLOW - SKIRT

The skirt structural assembly starts with the assembly of the payload support beam
and structural ring frame subassemblies which utilize existing driuvmatic riveters.

The skirt skin panels, ET Interface flange, 17" and 'T' ring segments, skin
stiffeners and splices are subassembled into half-sections and riveted on a CNC

Drivmatic Riveter.

Beam subassemblies are precisely located and assembled in the Skirt Assembly
Fixture: then the frame segments and half sections are loaded and secured.

The skirt assembly is then completed by splicing the half-sections and frames and

securing the frames to the half sections; finally the beam assembly is secured to

the frames to skirt skins.
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SEQUENCE FLOW - SKIRT (CONT)

All systems shall be installed to the skirt and tested prior to moving to the new
ACC SOFI Spray Booth. After TPS application the skirt will be attached to the ET
LH2 tank in Cell B.

ET and Orbiter interfacing system installations and TPS closeouts will be

accomplished during normal ET Final Assembly in Building 103, Test and Checkout
will be in Building 420.
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Se uence Flow-Skirt (Cont)

SYSTEMS

SYSTEMS

INSTALLATION

O SYSTEMS SUPPORT
STRUCTURE DETAILS

® HGDS LINES

©® PURGE MANIFOLD

o GROUND UMBILICAL

®ALL DRAIN, FILL,
VENT & PURGE LINES

o 0TV LH2 & LO2 TANK
MOUNTINGS

O TEMP. ATTACH/
FEEDLINE CLOSURE
& BLANKING PLATE

® INSPECT

oREPAIR AS REQ'D
TOUCH-UP

215.3.85

TEST & C.0

OVERIFY & TEST
ALL SYSTEMS
O®REPAIR/RETEST

AS REQ'D
®PURGE & SEAL

SOF1 SPRAY
BOOTH CELL B
o LOAD/MASK @ ALIGN/ATTACH
@ INSTL CLOSURE ® SKIRT TO LH2
® SOFI SPRAY TANK
® TRIM SOFI ®TPS CLOSEOUTS
J )
¢
ET ET TEST
F/ASSY [  sc/o0 — SHIP
®E04 & EO5 o FINAL TEST
CABLES SKIRT SYS,

® ELECTRICAL
WIRES, CLIPS
BRKT ETC.

o CABLE TRAYS

o CLOSURE &
BLANKING
PLATES

® AVIONICS

® ACCESS DOOR

® PREP FOR SHIP

® MINOR CLOSEOUTS
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SEQUENCE FLOW — SHROUD (CONT)

The shroud will be sprayed with SLA in existing Cell N, utilizing:.a new rotational

fixture.

SOFI application will be made in the SOFI Spray Booth which accommodates both
shroud and skirt.

The Hazardous Gas Detection System (HGDS), is installed in the System Installation

Fixture.

Test and checkout is performed in the common Skirt/Shroud Test and Checkout Fixture.

A new Turnover Fixture Basket is provided to facilitate location of the shroud to
the transportation dolly in the flight-direction-up attitude.

After mounting to the transportation dolly the shroud will be sealed and packed for
shipment .
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ANALYSIS OF MANUFACTURING REQUIREMENTS (SKIRT AND SHROUD)

The area designated for ACC build will be facilitized for 12 major new tools and 18
work stations,

Selection of the area is consistent with the manufacturing layout approach of
grouping like tooling and maximizing the use of common tooling and labor skills.
ACC production flow interfaces with existing frame segment Driuvmatics.

The project includes construction of nine pile supported foundations, additional
overhead crane installation, a TPS spray booth and the expansion of a traffic aisle.
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IMPLEMENTATION PLAN

The accentuated areas on this chart represent approximately 55,000 square feet of
manufacturing floor space allocated for ACC manufacturing. The area offers a 32 ft
crane height, 3% ft wide access aisles and proximity to existing and planned
production tooling.

Space is made available for ACC manufacturing by the displacement of existing
operations being affected by Facilities Self Sufficiency (FSS) operations.

Facilities support operations and external tank manufacturing support entities can

be relocated to alternate locations in the main manufacturing sphere or to outlying
buildings to accommodate ACC related operations in Building 103.

336




Lee

NOISIAIG GNOHOINW see'siz

VAL TIMOUW NILMOW

.
! 6oy |
]
0zv o018 Z® L SNOILISOd (@ LW ®

1€ 9078 .N. 1139 (9
0LL 9078.8, B .V, 1130 ¢ (®)

SQOW 1VOINVHOIW/IVIIBL0313 HONIW (D)
(e1) £0L 9078 WOY4 SIILIAILOY 3LVI013H (4

(v) 60 90718 VIUV QUVA 3IVAIVS 0L dIND3 3LVI0II (@ D @
14 DS 000°Z€ X0UddV HVID(Q) 'gp7

€02 9018

£0Z 90719 WOY4 dIND3 03LvI013Y HO4 —

GHVA 39VATVS NI 81§ 0343A0D L4 DS 00002 () -
(9L) €0t 90718 WOYH SIILIAILIVY Q3Lv3I013Y t -
IW0S HO4 JUNLINYLS 8V33H4d L4 DS 000°L2 @

NOILINYLNOD MIN @

SNOILVONNO4 ONIT00L (6) - (2
SNOILISOd DNIT00L (61) OL SILLIILN - (9
SQOW SSNHL 30NTINI 0L SINVH)D 4
QVIHH3A0 40 14 DS 000°05 X0Uddv (& 1Iv1SNI D) ®

(€) ALITIOV4 M3IN
(8/0°8/N) LNIVIX dIND3 AAV3IH 31v3013Y (4
(t) €02 90179 0L (110) SIHOLS TVIHILVIN - 1NOAVY VINY XJ018 ONIINIOVINNYW VALIINVW NIEVW
(L1/N) ¥4 Tv10L (LLH) 71300W HILSVN 31VI013H (e

14 DS 00055 X0dddV 30IA0Hd
€01 9018

70 6 39000

SLNIWIYIND3IY S3ILITIIVS AUVNIWIT3Hd -

uejd uoljejuswajduw



INvig gﬁmﬁlﬂm\umnduﬁ

6¢¢

NOISIAIG AGNOHIIN

$eES1T
VAL FIMIN NILYIT N

$1509

bujuueld

mmw>_m:< :c_mm_EAH_

(ALO pajealpaq) ubisag

PRECEDING PAGE BLANK NOT FILMED

(asoding jea3uasn) ubisaq

uoneJvaju| peojfed

Sjuawadinbay

UORONPO/U|

epuaby



ACC MISSION SCENARIOS

After the Space Shuttle is launched, the SRBs are expended and jettisoned. Shortly
thereafter, the ACC shroud is jettisoned to reduce the payload weight penalty.

In Scenario #1, after MECO, the OTVU is ejected from the DACC followed by separation
of the orbiter from the ET/DACC (prior to OMS #1 firing). The OTV free flies to
the designated park orbit and rendezvous with the orbiter.

In Scenario #2, after MECO, the ET/GPACC continues into orbit with the orbiter.
The payloads are individually ejected from the GPACC. Payloads normally initiate
autonomous operations after achieving a safe separation distance from the orbiter.
aAfter all ACC payloads are deployed, the orbiter separates from the ET/GPACC and,
at the proper time, the GPACC SRMs burn to deorbit the ET/GPACC for ocean impact.
The orbiter continues its planned mission in the same manner as current orbiter

missions.
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STS/DACC SEQUENCED MASS PROPERTIES (SCENARIO 1)

The sequenced mass properties data for a DACC mission 1is shown in the facing
chart. The mission is a payload delivery mission launched due east into a 120 nm
circular orbit. The purpose of this mission is to place a payload(s) in orbit for
mating with an OTV. The OTV is suborbitally released from the DACC shortly after
Shuttle MECO.

Included in the data is the DACC payload (55K ground based cryogenic OTV) which
weights 61,309 1b. Also included is 13,617 1lb of cargo in the orbiter cargo bay:

11,429 1b of this cargo is deployable payload; the remainder is ASE.

The c¢g locations are given in the STS coordinate system and the inertia data is

about the cg location shown for each flight event.
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STS/GPACC SEQUENCED MASS PROPERTIES (SCENARIO 2)

The sequenced mass properties data for a GPACC mission are shown in the facing
chart. The mission 1is a payload delivery/sortie mission launched due east into a
160 nm circular orbit. The purposes of this mission are the placement of payload
in orbit from both the ACC and the orbiter bay, and sortie return from orbit.

The sequenced mass properties were computed assuming an average cargo weight in the
the orbiter cargo bay of 34,586 1lb, and an average ACC cargo weight of 27,569 1b.

The cg locations are given in the STS coordinate system and the inertia data 1is
about the cg location shown for each flight event.
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STS/GPACC PERFORMANCE

The STS/GPACC mission flies to a 57 nm X 160 nm direct injection MECO and carries
the ET/GPACC to orbit.

The orbiter bay weight capability available for deployment 1is a function of the
GPACC cargo weight. If two PAM-C cargos weighing 30,490 1b are carried/deployed
from the GPACC, then the weight capability available for deployment from the
orbiter bay is 9,388 1lb.

Typical STS/GPACC performance is shown for a four man/seven day mission returning a
22,277 1lb sortie payload from a 160 nm orbit.

348




6ve

NOISIAIG AGNOHIIN $9°5'962

VAL FIMOTN NILXM WV

87¢01 - LM 09HV) JIVd49
14 [43 ot 8t 92 1 /4 44 0z 8l 9 14}

1 Il | '] i 1 1 1 [ /] Q

_vfosé.s g
| g
20
LY
—
>
x4} NW
nx
=
-yl o m
o
.ma...
- <
9l MW
my
Z ™
52
- 81 5
o <
[
®
- 0C
- 20
-

92uewWio}dd DIVdD/S1S



VI8 RTIVNOUNIING ™ T emva to1se

NOISIAIG GNOHOIN SO'E'SIZ

VAL TIMNO W NILIT N

87 8812 = ISV AVE 7/d 43ILIEY0 Q3IWNSSY

SOMJ ‘19Wd 009 °*SWdH h8-19 :S8Y¥S

13A37 ¥3MOd IWSS WNKIXYW 2607

- (NOILVNITONI §°82) HONNY1 AYVNYE34 ¥13
W (87 9£5T) ONIOVLS 8¥S Y314V 03S 9/ NOILYHYI3S GNOYHS IIvQ
(031394Y1 1TQY0 WN 98 X H SIS TYNIWON

mm 1SNYHL %2007 LV 33S S¢°2Sh = d4ST WSS
3 1Sd 618 ST O Q3ISYIJSIA WAWIXVW
930-4Sd 000¢- = »0

AVQ €/N3W b *@3IWNSSY NOTISSTW

17940 ¥VINOYID WN 02T OL QINIWYIL3IA JONVWYO0LY3Id ¥3ILTEYO
(33S 00h + 0J3W) AVLIAYOANS Q39YLS ALO

PRECEDING PAGE BLANK NOT FILMED

© O O O O O © O O o o o©

SNOILdWNSSY GNY S3TNY ANNOY9

oduewlolidd JJVva/S1S




STS/DACC PERFORMANCE

The STS/DACC mission flies to a 4 nm X 86 nm standard STS MECO carrying an OTV
which is suborbitally released.

4:@Mvwmuoma 1lift capability deployed from the orbiter bay is a function of the OTV
) .

Emwmjw ejected suborbitally. For a fully 1loaded OTV weighing 61,309 1b, the

ummuoWa 1ift capability deployed from the orbiter bay is 11,429 1b.

Typical STS/DACC performance 1is shown for a four man/three day mission returning

2,188 1b of orbiter bay ASE from a 120 nm park orbit.
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STS/ACC FLIGHT CONTROL - ASCENT

The addition of an ACC to the SSVU. produces an additional negative pitching moment.
The positive pitching moment needed to fly an orbiter zero lift angle of attack can
be achieved by using a combination of control effectors, e.g., GSRB gimbal

deflection, SSME gimbal deflection and/or elevon deflection.
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STS/ACC FLIGHT CONTROL — OMS MANEUVER

®
On the STS/ACC flights where the ET is taken to orbit, the OMS engine thrust vector
may not pass through the STS cq9. As a result, the orbiter RCS is used to maintain

STS control during OMS firings.

The RCS propellant required to maintain control is a function of the ACC cargo

weight (shown opposite).
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MISSION ANALYSIS COORDINATE SYSTEM

The local vertical (LV) is defined as the line from the orbiting vehicle CG to the
earth's center. The local horizontal (LH) is defined as the 1line in the orbit

plane through the orbiting vehicle CG perpendicular to the LVU. With this system,

positive Z
defined by
normal to

(gamma) is

is along the LV toward the earth's center. The positive X direction is
the projection of the velocity vector (VV) onto the LH. A third axis is
the orbit plane in .right hand relationship. The flight path angle
defined as the angle between the velocity vector and the +X axis, with

the positive sense as shouwn. This coordinate system is used by NASA for orbital

mechanics and is commonly known as the LULH coordinate system.
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MISSION TIMELINES: MULTIPLE ACC PAM-C PAYLOADS

The mission events and times for a STS/GPACC mission carrying two (2) PAM-C cargos
in the GPACC are detailed in the following charts.
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INITIAL VEHICLE CG OFFSETS

The analysis assumed all three vehicles (OTV, ET and orbiter) started with their
centers of gravity (cg) coincident. The computer then tracks each cg (as a point
mass) with respect to a selected reference cg (i.e., one wvehicle). To analyze
close-in physical clearances, these assumptions must be properly compensated for

using the initial cg offsets.
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SUBORBITAL RELEASED OTV TIMELINE

The following charts detail the mission events and times for a STS/DACC mission
carrying and releasing an OTV suborbitally. The OTV then free flies to a 120 nm
park orbit to rendezvous with the orbiter.

The terms "DX", "DZ" and "DS" indicate distance differences along the X (local

horizontal) axis, Z (local vertical) axis, and along the shortest line between the
two vehicles (slant range).
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SUBORBITAL RELEASE FROM ACC

The time for OTVU ejection from the ACC was determined from start time (OTV
ejection) variation results for an identical sequence of maneuvers. Delaying the
OTV ejection time reduces the differential drag effects of the vehicles. An OTV
ejection time of MECO + 400 seconds was selected.
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SUBORBITAL RELEASE FROM ACC

The following 3 charts show the relative positions of the Orbiter/0TV with respect
to the ET/ACC for the time period MECO to OTVU-1 burn (MECO + 1108 seconds). Engine ‘
burn times are considered to be instantaneous and are applied at the burn midpoint.
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ET/0TV SEPARATION DISTANCE AT OTV FLY-OVER

This chart shows how the OTU-to-ET separation distance increases as the magnitude .
of the OTV vertical separation burn increases. The currently planned 6 fps maneuver
produces a minimum separation clearance of 2680 ft. The maneuver occurs during the

0TV-1 boost burn.
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SUBORBITAL RELEASE FROM ACC

The orbiter and ET

slant range distances from the OTV are shown in the facing
chart.

The following chart is an enlargement of the curve for only the 1100 - 1600

second time interval. It should be noted that the distance comparisons between the

orbiter and ET are not valid.
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ORBITER/OTV ORBITAL TRANSFER PARAMETERS

This chart shows the delta-VUs and propellant quantities required by the orbiter and
0TV to fly to different destination orbits after the OTV is suborbitally released
From the SSU/DACC at MECO+400 seconds. All destination orbits are circular. . ,
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DACC/OTYV SEPARATION CLEARANCES

The c¢ritical clearances associated with OTV. separation from the SSU/DACC are
between the DACC shroud structure and orbiter body flap. There is approximately a
3 in. radial clearance between the OTV aerobrake and retained shroud structure, and
approximately 60 in. clearance with the orbiter body flap when in the null position.
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OTV SEPARATION

The OTY ejection path under normal conditions is shown. The apparent upward
movement of the OTV is due to the uncorrected pitch rotation of the STS/ACC caused
by the OTV ejection forces ( AV=2FPS ). The magnitude of this STS/ACC pitch
rotation is +0.29 degrees/sec. It should be noted that the OTVU appears to rotate

rather than the STS/ACC due to the use of a reference coordinate system fixed to
the STS/ACC.
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OTV SEPARATION

The maximum allowable STS/ACC pitch rate must be constrained to less than +0.713
degrees/sec to prevent OTV contact with the orbiter body flap.
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ORBITER/0OTYV RENDEZVUOUS

Parametric analyses were performed to determine the minimum orbiter delta velocity
(delta-V) required to finalize orbiter rendezvous with the OTV. The required
delta-V is 9.33 fps.

The graph on the opposite page presents the orbiter position with respect to the
OTV during the rendezvous operations. The total time for this rendezvous sequence
is approximately 64 minutes.
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MISSION TIMELINES: OTV CARRIED IN ACC

The following charts detail the mission events and times for a STS/DACC mission .
that carries an OTVU in the DACC to a 120 nm park orbit.
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PREPS FOR OTV EJECTION:

OPERATIONS TIMELINE

Event Start (Hr/Min.) Event/Crew
Mission Elapsed Time Duration Commander and Pilot Mission-P/L Specialist
06:00 15 min. Activate RMS
Final OTV separation checks
06:15 15 min. Orbiter reorients
for OTV ejection
06:25 10 min. Position RMS
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OTV EJECTION: OPERATIONS TIMELINE

Event Start (Hr/Min.) N Event/Crew
Mission Elapsed Time Duration Commander _and Pilot Mission-P/L Specialist

06:35 0TV ejected
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OTV RETRIEVAL: OPERATIONS TIMELINE

tvent Start (Hr/Min.) Event/Crew
Mission Elapsed Time Duration Commander and Pilot Mission-P/L Specialist

06:38 10 min. Stow RMS
06:38.3 3 min. Stabilize OTV (ground
command)
06:41.4 OTV delta-V (2 fps)
(ground command)
06:50 10 min. Orbiter pitchup
maneuver
07:00 40 min. Orbiter approaches OTV reoriented to con-
oTV venient attitude for
grappling
07:35 OTV verified safe
07:40 15 min. OTV grapple
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SHROUD LOWERING CONCEPT

For contingency access to the OTV, a partial DACC shroud removal concept will be

used to lower the shroud approximately 30 in. This concept uses either manually

driven or motorized screwjacks that are installed at four locations around the DACC
x4wpwp field joint.

rd

L% .
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ACCESS PLATFORM CONFIGURATION FOR PARTIAL DACC SHROUD REMOVAL

For contingency OTVU pad access requiring partial shroud removal, a 360° access .
platform configuration is required to remove the DACC skirt/shroud I/F flange bolts.
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INTERNAL ACCESS CONCEPT

Access to the OTVU LRUs 1is via a "diving board" platform attached to the external .
platform at one end. The opposite end is attached to either the DACC PS beam or

the OTV rack structure.
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SHROUD ACCESS DOOR DESIGN

A 2 in. thick honeycomb door design was used for the trade study. This design has .
a backup shroud structure consisting of a skin doubler around the 30 in. X 36 1in.
opening and channel beams. This structure reacts the shroud loads resulting from

internal pressure.
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ACCESS PLATFORM LOCATIONS FOR ACCESS DOOR CONCEPT

This chart shows the access platform locations on the MLP "O" Deck that allow ‘
ingress/egress of the DACC shroud access doors.
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ACCESS DOOR WEIGHT PENALTY

Trade study results indicate that each access penetration in the shroud structure '
adds an additional 45 1lb to the total shroud weight.
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SKIRT/0TV SUPPORT BEAM STRUCTURAL JOINT

This chart shows the DACC structural modifications required to provide an ‘ !
additional field joint to accommodate OTV removal for major contingency operations |
without a STS destack. The ROM weight penalty for this modification is 200 1lb.
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GPACC PROJECT PLAN SCHEDULE

The schedule shows the planning required to support the GPACC programmatic goal of
48 months from Authority to Proceed (ATP) to Initial Operational Capability (IOC).
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DACC PROJECT PLAN SCHEDULE

The schedule shows the planning required to support the DACC programmatic goal of
48 months from ATP to IOC.
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GPARCC PROGRAM COSTS

This chart presents a summary of program costs associated with the GPACC.
Nonrecurring costs appear on the left side of the cart and recurring costs on the
right.

Nonrecurring DDT&E costs total $184M, including: ACC development costs, the
orbiter, ET modifications, facilities/GSE, and Level II integration costs. The ACC
test hardware consists of one ground test article complete with all hardware
systems and one flight test article. The flight test is conducted in conjunction
with a scheduled STS mission so dedicated use of STS hardware and procedures is
unnecessary. Orbiter enhancements include the addition of display panels and
cabling subsystems as well as software modification. External Tank modifications
consist of: additions to the 2058 frame to accommodate the ACC attach flange,
changes to the aft strut cable tray, elimination of the tumble valve, and a new
RSS/deorbit signal device. Facilities/GSE costs 1include MAF manufacturing
modifications, KSC facility impacts and GSE launch processing impacts. The MAF GSE
impacts are included in ACC tooling.

Operations costs for 87 GPACC flights total $484M, including ACC, recurring ET
modifications and ground/flight operations. The average cost of ACC hardware over
87 flights if $4.4M. The average cost per flight (CPF), including ET modifications
and operations costs, is $5.6M.

Note that our economic analysis indicates that the addition of the GPACC could
result in an overall reduction of $753M 1in STS operations costs. The savings 1in
operations costs resulting from eliminating 31 flights would more than offset the
ACC DDT&E and operations costs.
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DACC PROGRAM COSTS

This chart presents a summary of program costs associated with the DACC.

Nonrecurring costs appear on the left side of the chart and recurring costs on the

right.
Nonrecurring DDT&E costs total $158M, dincluding: ACC development costs, the
orbiter, ET modifications, facilities/GSE, and Level II integration costs. The ACC

test hardware consists of one ground test article complete with all hardware
systems and one flight test article. The flight test 1s conducted in conjunction
with a scheduled STS mission so dedicated use of STS hardware and procedures 1is
unhecessary. Orbiter enhancements include the addition of display panels and
cabling subsystems as well as software modifications. External Tank modifications
consist of additions to the 2058 frame to accommodate the ACC attach flange, and
changes to the aft strut cable tray. Facilities/GSE costs dinclude MAF
manufacturing modifications, KSC impacts and GSE launch processing impacts. The

MAF GSE impacts are included in ACC tooling.

Operations costs for 64 DACC flights total $138M, including ACC, recurring ET
modifications and ground/flight operations costs. The average cost of ACC hardware
over 64 flights d1s $1.9M. The average CPF, including ET modifications and

operations costs, is $2.1M,
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